The complexes of 2,3,4-trimethoxybenzoic acid with Tb(III), Dy(III), Ho(III), Er(III), Tm(III), Yb(III), Lu(III) and Y(III) are crystalline, anhydrous salts with colours typical of the M(III) ions. The carboxylate group is probably a bidenate, chelating ligand. The thermal stabilities of the complexes were examined under an air atmosphere in the temperature range 293-1273 K. The solubility in water at 293 K for all the heavy lanthanide(III) and yttrium(III) complexes are in the order of 10 -3 mol dm -3 . The magnetic moments of the complexes were determined in the temperature range 77-300 K.
INTRODUCTION
Lanthanide(III) carboxylates have been widely studied in recent years due to their physico-chemical properties, variety of structural types and potential uses as fluorescent sensors. The isomers of mono-, di-and trimethoxybenzoates of rare earth elements(III) have been examined. [1] [2] [3] [4] [5] [6] [7] [8] The -COOH group, as en electron acceptor substituent, decreases the electronic density of the benzene ring and the -OCH 3 group, as an electron donor, decreases the acidity of benzoic acid derivatives. The opposed properties of these two kinds of substituents influence the properties of the isomers of methoxybenzoic acids and their compounds.
In our previous articles, 9-12 the physico-chemical properties of 2,3,4-, 2,4,5-, and 3,4,5-trimethoxybenzoates of La(III), Ce(III), Pr(III), Nd(III), Sm(III), Eu(III), Gd(III) (heavy lanthanides(III) and yttrium(III) in the case of 3,4,5-trimethoxybenzoates) were described. Continuing this research, the complexes of 2,3,4-trimethoxybenzoic acid with Tb(III), Dy(III), Ho(III), Er(III), Tm(III), Yb(III), Lu(III) and Y(III) were examied. The aim of this work was to prepare 2,3,4-trimethoxybenzoates of heavy lanthanides(III) and Y(III) and to characterise their properties: thermal stability in air during heating to 1273 K, IR spectral data, X-ray powder investigations, solubility in water at room temperature and magnetic properties. Thermal stability investigations give information about the mechanism of complex decomposition and the endo-or exo-effects connected with such processes, such as: dehydration, melting, polymorphic changes, crystallization, oxidation or reduction. The determination of solubility is valuable because it gives information about the practical use of the acid for the separation of rare earth elements by extraction or ion-exchange chromatography. The magnetic measurements give information about the nature of the metal-oxygen bond.
EXPERIMENTAL
The complexes of 2,3,4-trimethoxybenzoic acid with Tb(III), Dy(III), Ho(III), Er(III), Tm(III), Yb(III), Lu(III) and Y(III) were prepared by addition of equivalent quantities of 0.1 M ammonium 2,3,4-trimethoxybenzoate (pH » 5) to a hot aqueous solution containing the chloride of the required metal ion and crystallizing at 293 K. The solids were filtered off, washed with hot water and methanol to remove ammonium ions and dried at 303 K.
The C, H analysis was performed using a CHN 24000 Perkin-Elmer analyser. The contents of M 3+ metals were established by the oxalic acid method (Table I) . The IR spectra of the complexes (KBr discs) were recorded over the range 4000-400 cm -1 using a M-80 spectrophotometer (Carl-Zeiss, Jena) ( Table II) .
The X-ray diffraction patterns were taken on a HZG-4 (Carl Zeiss, Jena) diffractometer using Ni filtered CuK a radiation. The measurements were made within the range 2q = 4 -80º by means of the Debye-Scherrer-Hull method.
The thermal stability and decomposition of the complexes were studied in air by Q-1500D derivatograph with a Derill converter, simultaneously recording TG, DTG and DTA curves. The measurements were made at a heating rate of 10 K . min -1 . The 100 mg samples (50 mg in the case of Lu(III)) were heated in platinum crucibles in static air to 1273 K with a TG sensitivity of 100 mg, full scale. The DTG and DTA sensitivities were regulated by the Derill computer programme. Some results are presented in Table III . 
The DSC/TG analysis was also performed in the temperature range 303-1173 K using a SETARAM differential thermoanalyser Setsys 16/18. The experiments were carried out under a dynamic air atmosphere. The values of the enthalpy of polymorphic changes were determined and are presented in Table III . The gaseous decomposition products were analysed over the range 4500-700 cm -1 using the Mettler Toledo Star System (Fig. 2, Table IV ). The magnetic susceptibilities measurements of polycrystalline samples of the 2,3,4-trimethoxybenzoates of the heavy lanthanides were carried out at a magnetic field strength of 9.9 kOe. The calibrant was Co[Hg(SCN) 4 ] with a magnetic susceptibility of 1.64´10 -5 cm -3 g -1 . Correction for diamagnetism of the constituent atoms was calculated by the use of Pascal's constants. 13, 14 The magnetism of the samples was found to be field independent. The temperature-independent paramagnetism of the heavy lanthanidies was assumed to be zero. Magnetic moments were calculated according to Eqs. (1) and (2).
The results are given in Tables V and VI Some of the results of IR analysis are presented in Table II . The IR spectrum of 2,3,4-trimethoxybenzoic acid shows the following absorption bands: a strong band of COOH at 1680 cm -1 , and bands assigned to the asymmetric and symmetric vibrations of the OCH 3 groups at 2944 and 2840 cm -1 , respectively. The bands of ring vibrations appear at 1592 cm -1 , 1500-1420 cm -1 , 1176 cm -1 and 1020 cm -1 . The C-H deformation vibration bands d(C-H), are observed in the region 1144-1100 cm -1 . The -C-O-C-symmetric vibration, n s (COC), bands occur at 1020-1035 cm -1 . The bands observed at 940-650 cm -1 are associated with out of plane deformation ring vibrations, j(CC), and the C-H wagging vibrations, g(C-H). The bands at 830-800 cm -1 have been assigned to the g(C-H) vibrations (in the 1,2,3,4-substituted ring). [9] [10] [11] [12] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] In the IR spectra of the 2,3,4-trimethoxybenzoates of heavy lanthanides(III), the band at 1680 cm -1 disappears, which indicates that COOH groups are not present in the analysed complexes. Two bands arising from asymmetric and symmetric vibrations of the COO -group occur at 1540-1536 cm -1 and 1395-1416 cm -1 , respectively. Bands assigned to asymmetric and symmetric vibrations of the OCH 3 groups, n as (CH 3 ) and n s (CH 3 Table II presents the maximum of the frequencies of the absorption bands of asymmetric and symmetric vibrations of the COO -group of 2,3,4-trimethoxybenzoates of heavy lanthanides(III) and sodium. The differences between the frequencies of n asCOO -and n sCOO -, Dn COO -, in these complexes are smaller (Dn COO -= 145-120 cm -1 ) than in the sodium salt (Dn COO -= 180 cm -1 ). For the 2,3,4-trimethoxybenzoates of heavy lanthanides(III) and Y(III), the shifts of the frequencies n asCOOand n sCOO -are lower and higher, respectively, than those for sodium 2,3,4-trimethoxybenzoate. Accordingly, the carboxylate ion in the analysed complexes appears to be a symmetrical, bidentate, chelating ligand. 27, 28 Probably the methoxy-group is also coordinated with the central ion. This conclusion results from the interpretation of the IR spectra. The band positions of the -OCH 3 group vibrations in the spectra of the complexes are changed in comparison with those in the acid spectrum. Table III and Fig. 1 . The results revealed that the complexes of heavy lanthanides(III) and yttrium(III) are anhydrous compounds. These results were also confirmed by elemental analysis (Table I ) and IR spectroscopy. 2,3,4-Trimethoxybenzoates of heavy lanthanides(III) and yttrium(III) heated in air to 1273 K are stable up to 492-555 K. In the temperature range 453-530 K, polymorphic changes in these complexes were observed. The polymorphic changes were confirmed by endo-effects seen on the DSC curves (Fig. 1) . The values of the enthalpy of the polymorphic changes of the 2,3,4-trimethoxybenzoates of Tb(III), Dy(III), Ho(III), Er(III), Tm(III), Yb(III), Lu(III) and Y(III), DH, were determined using the DSC technique (Table III) The FTIR spectra of the gaseous products evolved during the decomposition of the 2,3,4-trimethoxybenzoates of heavy lanthanides(III) and yttrium(III) are presented in Table IV and in Fig. 2 . Their interpretation reveals the presence of CO 2 , CO and hydrocarbons. [16] [17] [18] [24] [25] [26] [27] The solubilities of the 2,3,4-trimethoxybenzoates of heavy lanthanides(III) and Y(III) in water were measured at 293 K (Table II) . They are in the order to 10 -3 mol dm -3 . The terbium(III) 2,3,4-trimethoxybenzoate is the most soluble salt while that of holmium(III) is the least soluble one. The magnetic susceptibilities of the heavy lanthanide 2,3,4-trimethoxybenzoates were measured in the temperature range of 77-300 K. The values of the Weiss constant, q, are negative for all the complexes which may be caused by small antiferromagnetic spin interactions in the complexes (higher at room temperature than at lower ones) or a crystal field splitting of the paramagnetic spin state. [29] [30] [31] [32] This may also result from the presence of superexchange magnetic interactions between the paramagnetic centres of different molecules of the complexes in the crystal lattice. The paramagnetic central ions in the compounds investigated remain virtually unaffected by the surrounding ligands. The 4f electrons causing their paramagnetism bond. Instead, they interact only weakly with the electrons of the surrounding atoms and are located in an inner shell with a radius of 0.35 Å. 33 This value is very small in comparison with the radius of the 5s 2 5p 6 closed shell (ca. 1Å). The ground states of the lanthanide ions are separated by several hundreds of cm -1 from the first higher-lying state. Hence the magnetic properties in the ground state are expected to be identical for bonded and non-bonded lanthanide ions. The 2,3,4-trimethoxybenzoates of heavy lanthanides obey the Curie-Weiss law. The values of m eff determined for all the complexes are close to those calculated for Ln(III) ions by Hund and van Vleck (Table VI) . Lutetium 2,3,4-trimethoxybenzoate is, as expected, diamagnetic.
The above data indicate that the Ln-O bond in the heavy lanthanide 2,3,4-trimethoxybenzoates is predominantly electrostatic in nature since the 4f orbitals of the lanthanide ions are effectively polarized by the 5s 2 5p 6 octet. 33 
